Background/Aims: Growing evidence has shown that miR-330-3p is closely related to the biological behavior of cancer, including proliferation, metastasis, and prognosis. However, there have been no reports on miR-330-3p expression and function in osteosarcoma. Methods: Expression of miR-330-3p in osteosarcoma tissues and cell lines was examined by quantitative PCR. Effects of miR-330-3p on osteosarcoma cell proliferation were investigated in vitro with the Cell Counting Kit-8 colorimetric assay. Targets of miR-330-3p were identified by dual-luciferase reporter assay. Results: The results showed that expression of miR-330 decreased in osteosarcoma tissues and cell lines. Prognosis of patients with high miR-330-3p expression was much better than that of those with low expression (P=0.001), and multivariate analysis suggested that miR-330-3p is an independent prognostic factor for osteosarcoma. In addition, miR-330-3p overexpression significantly inhibited the growth of MG-63 and U2OS osteosarcoma cells. Dual-luciferase reporter assay demonstrated that Bmi-1 was a direct target gene of miR-330-3p, and in a recovery experiment, miR-330-3p suppressed osteosarcoma cell proliferation by directly targeting Bmi-1. Conclusion: Our results suggest that miR-330-3p acts as a tumor suppressor by regulating Bmi-1 expression in osteosarcoma. Thus, miR-330-3p may represent a novel therapeutic target for the treatment of osteosarcoma.
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Introduction
Osteosarcoma is the most common primary malignant bone tumor, and is most commonly seen in the distal femur and metaphysis of the upper tibia [1] . The degree of malignancy in osteosarcoma is very high, and approximately 80-90% of patients present with metastasis [1] . Most osteosarcomas metastasize to the lungs, with a few spreading to the brain, prostate, kidney, and other organs [1] . Prior to the 1970s, osteosarcoma was mainly treated with amputation, but the 5-year survival rate was only 15-20% [2, 3] . With the advent of neoadjuvant chemotherapy, current 5-year survival rates exceed 60% [4] . However, osteosarcoma is resistant to conventional chemotherapy drugs, and its resistance increases over time. Relapse remains an important factor that leads to the failure of surgical treatment and effects the efficacy of chemotherapy [4] . Therefore, a comprehensive understanding of the etiology, carcinogenesis, proliferation, metastasis, and drug resistance of osteosarcoma is significant to improve the survival and prognosis of this disease.
MicroRNAs (miRNAs) are small molecular non-coding RNAs that are 18-25 nucleotides in length [5] . Mature miRNA mainly degrades or inhibits the transcription of mRNA or translation of proteins by binding to the 3′ untranslated region (3′-UTR) of target genes to regulate many aspects of cell function including regulation of the cell cycle, proliferation, apoptosis, differentiation, and cell stress [5] . In humans, encoding miRNAs only account for approximately 3% of genes but they regulate the expression of approximately 30% of proteins [5] . In recent years, many studies have shown that miRNA expression is dysregulated in many tumors, and these abnormally expressed miRNAs regulate the progression of tumors by regulating various tumor suppressor genes or oncogenes [6] . A recent study found that abnormal expression of miRNAs is closely related to biological behavior of osteosarcoma such as proliferation, metastasis, and prognosis [7] . miR-330-3p is a miRNA that has been frequently described in the literature [8] [9] [10] [11] [12] [13] . However, to date, there have been no reports on its expression and role in osteosarcoma.
In this study, we examined the expression of miR-330-3p in osteosarcoma cells and tissues to determine the expression characteristics of miR-330-3p in osteosarcoma. In addition, we investigated the effects of miR-330-3p on the biological function of osteosarcoma cells. Finally, we explored the molecular mechanisms underlying miR-330-3p regulation of BMI-1 and its downstream target, to provide a new theoretical basis for further understanding the role of miR-330-3p in the development and progression of osteosarcoma.
Materials and Methods
Patients and tumor tissues A total of 55 osteosarcoma tumor tissues and adjacent normal tissues were surgically collected from osteosarcoma patients at The Second Affiliated Hospital Zhejiang University (Zhejiang Sheng, China) between November 2007 and November 2010. Both tumor and non-tumor samples were subjected to pathological examination. Patient characteristics are summarized in Table 1 . This study was approved by the Yiwu Central Hospital in accordance with the tenets of the Declaration of Helsinki. Written informed consent was obtained from all participants. All specimens were surgically removed and rapidly frozen by immersion in liquid nitrogen for subsequent experiments.
Cell culture and transfection
Osteosarcoma cell lines MG-63, U2OS, Saos-2, and HOS and the normal osteoblast cell line OB3 were purchased from American Type Culture Collection (Manassas, VA). An miR-330-3p mimic and miRNA negative control (miR-NC) were designed and synthesized by GenePharma (Shanghai, China). For transfection, 3 × 10 5 cells (MG-63 and U2OS) were plated in 6-well plates (5 × 10 5 cells/well) and were transiently transfected with 100 nM miR-330-3p mimic or miR-NC using siPORT neoFX Transfection Agent (Ambion Inc., Austin, TX) according to the manufacturer's protocol.
miRNA extraction and quantitative PCR Total RNA for miRNA and mRNA analyses was isolated from tissues or cells using TRIzol reagent (Invitrogen Corp., Carlsbad, CA) according to the manufacturer's instructions. The expression of miR-330-3p and Bmi-1 was determined using the SYBR Green PCR Master Mix (Applied Biosystems Inc., Waltham, MA) and qPCR. GAPDH and U6 were used as internal controls. phosphate-buffered saline containing 0.1% Triton X-100, the membranes were incubated with horse radish peroxidase-conjugated goat anti-rabbit antibody for 30 min at room temperature. The bands were visualized using the ECL system (Millipore Corp., Billerica, MA).
Plasmid construction and luciferase reporter assay
The expression vector for the miR-330-3p precursor sequence was generated by cloning the PCR product into the pCDH plasmid using the following primers: 5′-CGGCAAAGCACACGGCCT-3′ (forward) and 5′-TGCGTGTCGTGGAGTCGGC-3′ (reverse). The antisense miR-330-3p oligonucleotide (anti-hsa-miR-330-3p) and antisense miRNA control were purchased from Qiagen Inc. (Valencia, CA). Bmi-1 3′-UTR containing the predicted miR-330-3p binding sites (both wild-type and mutant) was cloned into the psiCHECK-2 plasmid. For the luciferase reporter assay, MG-63 cells were transfected with different combinations of miR-330-3p, miR-NC, psiCHECK-2-Bmi-1 3′-UTR-WT, and psiCHECK-2-Bmi-1 3′-UTR-Mut for 24 h. Relative luciferase activities were evaluated 48 h later using the Dual-Luciferase Reporter Assay Kit (Promega Corp., Madison, WI).
Cell proliferation
After 24 h of transfection, cells were harvested and seeded into 96-well plates at a density of 5×10 3 cells per well and were cultured with 5% CO 2 at 37°C for 1, 2, 3, or 4 days. A total of 10 µL Cell Counting Kit-8 solution (Dojindo Laboratories, Kumamoto, Japan) was added to the culture medium in each well. After incubation for 1 h, the optical density values were read using a microplate reader (Bio-Tek Co., Winooski, VT) at 450 nm. Measurements at each time point were repeated in the three wells, and the experiment was independently performed in triplicate. Briefly, cells were seeded in the chambers with medium containing 0.1% fetal bovine serum (FBS), whereas medium containing 20% FBS was placed in the lower chambers. After 24 h, cells that invaded the Matrigel were fixed in 4% paraformaldehyde and stained with crystal violet. The number of invaded cells was counted in five randomly selected microscopic fields and photographed. 
Results
Expression of miR-330 was decreased in osteosarcoma tissues and cells qPCR was used to investigate expression of miR-330-3p in 55 osteosarcoma tissues and paracancerous tissues. Relative expression of miR-330-3p in tumor tissues normalized to U6 was 1.97 ± 0.24 (mean ± standard deviation), whereas relative expression of miR-330-3p in adjacent normal tissues was 4.36 ± 0.27. Among the 55 patients, 43 had lower miR-330-3p expression in tumor tissues than in adjacent tissues (P<0.001; Fig. 1A ). In addition, miR-330-3p expression in the osteosarcoma cell lines was significantly lower than that in the normal osteoblastic cell line (Fig. 1B) .
The prognostic value of miR-330-3p in osteosarcoma
Patients with osteosarcoma were divided into two groups based on the median miR-330-3p expression. As shown in Table 1 , the expression of miR-330-3p was unrelated to sex, age, histological grade, histological type, tumor size, or tumor stage. However, the prognosis of patients with high miR-330-3p expression was much better than that of patients with low expression (P = 0.001; Fig. 1C ). In univariate analysis, age ≥20 years, undifferentiated type, stage III, and low miR-330-3p expression were factors that contributed to the poor prognosis of patients with osteosarcoma (P<0.05; Table 2 ). In Cox regression multivariate analysis, tumor stage and miR-330-3p expression were independent prognostic factors ( Table 2) .
miR-330-3p suppressed osteosarcoma cell proliferation
To study the functions of miR-330-3p in osteosarcoma cells, we overexpressed miR-330-3p in MG-63 and U2OS cells ( Fig. 2A, B) , which significantly inhibited cell growth (Fig. 2C, D) . We also evaluated the influence of miR-330-3p on the invasive ability of osteosarcoma cells and found that the overexpression of miR-330-3p did not inhibit the invasion ability of U2OS and MG-63. These data suggest that the main function of miR-330-3p is to inhibit the proliferation, rather than the invasion ability, of osteosarcoma cells.
miR-330-3p suppressed osteosarcoma cell proliferation by directly targeting Bmi-1
To investigate how miR-330-3p regulates the proliferation of osteosarcoma cells, we used TargetScan and miRBase databases to identify target genes to which miR-330-3p might bind. In screening candidate genes, we found that Bmi-1 bound to the 3′UTR region of miR-330-3p. To determine if miR-330-3p regulates Bmi-1, the effects of the miR-330-3p mimic or miR-NC on the mRNA and protein expression levels of Bmi-1 in osteosarcoma cells were examined. The results showed that overexpression of miR-330-3p in MG-63 and U2OS cells significantly decreased Bmi-1 mRNA and protein expression (Fig. 3) . To determine if miR-330-3p directly regulates Bmi-1, we cloned wild-type and mutant 3′-UTR (the miR-330-3p binding site was mutated) of Bmi-1 into the psiCheck-2 luciferase reporter vector (Fig. 4) , and performed luciferase assays in MG-63 cells. The results showed that miR-330-3p directly inhibited the luciferase reporter activity of wild-type 3′-UTR but not of mutated Bmi-1 3′-UTR (Fig. 5) . Together, these results demonstrate that Bmi-1 is a direct target gene of miR-330-3p. To evaluate if miR-330-3p regulates the proliferation of cells by Bmi-1, we transfected miR-330-3p alone, Bmi-1 overexpression plasmid (not containing 3′-UTR), or both in osteosarcoma cells and then observed their proliferation ability. Osteosarcoma cells transfected with miR-330-3p grew significantly slower than control cells, whereas Bmi-1-transfected cells grew faster than control cells (Fig. 6) . Interestingly, co-transfection of Bmi-1 with miR-330-3p completely reversed the decreased proliferation of MG-63 and U2OS cells induced by miR-330-3p (Fig. 6) . These data showed that miR-330-3p suppressed osteosarcoma cell proliferation by directly targeting Bmi-1. 
Discussion
Has-miR-330 is located on the human chromosome 19q13.32 [9] . miR-330-5p/3p is processed by the 5' and 3' end arms of the miR-330 precursor, respectively. Although 5p and 3p come from the same hairpin structure, their seed sequences are different, so their functions and target mRNAs may also differ. In general, both miR-330-5p/3p exist, but at different expression levels. Due to the low expression of miR-330-5p, this study focused on miR-330-3p. Previous studies have shown that miR-330-3p is abnormally expressed in various tumors and is upregulated in breast [13] , liver [14] , esophageal [11] , and lung cancers [15] and glioma [16, 17] . Mesci et al. [13] found that miR-330-3p is highly expressed in breast cancer tissues and promotes the metastasis of breast cancer cells through the targeted regulation of CCBE1. Hu et al. [14] found that the high expression of miR-330-3p and its regulation of CCBE1 in hepatocellular carcinoma (HCC) promote the proliferation and invasion of HCC cells through the targeted regulation of inhibitor of growth protein 4. Meng et al. [11] suggested that miR-330-3p promotes the proliferation and invasion of esophageal squamous cell carcinoma cells by inhibiting the expression of programmed cell death protein 4. Liu et al. [15] demonstrated that miR-330-3p is highly expressed in lung cancer tissues, and that its overexpression promotes the proliferation of non-small cancer lung cells by targeted inhibition of extracellular growth factor 2. Yao et al. [17] found that miR-330-3p promotes the proliferation, migration, and apoptosis of glioma cells by regulating SH3GL2 expression. However, some studies have reported that the expression of miR-330-3p is downregulated in many tumors including gastric [12] , colon [18] and prostate cancers [9, 19] . Lee et al. [9] noted that the expression of miR-330-3p in prostate cancer tissues is downregulated, inducing apoptosis of PC-3 prostate cancer cells. Guan et al. [12] found that the expression of miR-330-3p is downregulated in gastric cancer tissues and inhibits the proliferation of gastric cancer cells by regulating MSI1. Similar findings were found in a study of colorectal cancer conducted by Li [18] . Together, these studies suggest that miR-330-3p may have functions similar to protooncogenes and tumor suppressor genes.
To determine how miR-330-3p acts as a tumor suppressor, we screened the target genes of miR-330-3p using bioinformatics analysis. Bmi-1 was selected as a potential target gene of miR-330-3p based on its functions and expression patterns. It has not been previously reported that miR-330-3p can directly target Bmi-1 in tumors, but it is known to play an important role in the proliferation and invasion of various tumors [20] . In addition, Bmi-1 controls the self-renewal, proliferation, and cell cycle of tumor stem cells by regulating the p16Ink4a/Rb and/or p14ARF/MDM2/p53 tumor suppressor pathways [21, 22] . 
Conclusion
In summary, we confirmed that miR-330-3p expression in osteosarcoma was significantly lower than that in normal tissue, and was closely correlated with tumor size. Upon further analysis of the relationship between miR-330-3p and overall survival, we found that overall survival was significantly lower in the group with low miR-330-3p expression was than in the group with high expression. Multivariate analysis showed that miR-330-3p was an independent prognostic factor in patients with osteosarcoma. In addition, miR-330-3p inhibited the growth of osteosarcoma cells. The luciferase reporter assay demonstrated that Bmi-1 is a novel target gene for miR-330-3p and reversed the inhibitory effects of miR-330-3p in osteosarcoma cells. Therefore, miR-330-3p may represent a novel therapeutic target for osteosarcoma treatment.
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